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Abstract – Permanent Magnet Assisted Synchronous 
Reluctance Motor is one of the new motors introduced in 
transportation industry, which have been introduced as a 
possible tractions motors in hybrid electric vehicle 
applications. Achieve maximum torque per ampere (MTPA), 
knowledge of the motor parameters is necessary. Due to the 
high ambient temperature inside the engine cavity and also 
saturation effect, variation of the motor parameters such as 
inductances and permanent magnets flux density is not 
avoidable. In this paper, motor equations in biaxial system are 
described, then a method is presented for vector control 
considering maximum torque per Ampere. Then, this method 
is implemented on a Reluctance Synchronous Motor 
Reinforced with Magnet using Simulink. Simulation results 
show well performance of the designed control system in a 
wide range of speed. 
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I. INTRODUCTION 
 
Growing concerns over environmental issues and the 
need for sustainable energy have urged for major changes 
to the way the energy demand is covered in the energy 
systems [1]. Thus, access to electricity with the highest 
reliability is a pivotal matter especially in the futuristic 
digital world which smart grids/microgrids are becoming 
more mature [2]. Considering smart grids/microgrids as the 
most important topic of these days, electric vehicles and 
hybrid electric vehicles have become leading trends in the 
majority of automotive industries as clean alternatives to 
conventional vehicles; thus, their efficiency, performance, 
and control are of extreme importance [3]. Along the same 
line, recently, there has been significant works in the 
transportation industry on how to use hybrid electric 
vehicles as energy storage devices to offer a solution for the 
environmental and energy sustainability issues [4]. 
Electrical energy is the most widely used energy carrier for 
many reasons and this has led to an increasing demand for 
it [5-8]. This demand can be categorized in some important 
classes such as Control, Power engineering, transportation, 
Robotics. Control of systems needs to be robust and reliable 
[9-10]. 
In [11] presented an adaptive robust control to tracking 
problem with the known and unknown parameters in the 
existence of torque disturbances. Taheri Andani introduced 
a sliding mode control for solving the reference path 
tracking and stabilizing issues spherical mobile robot, then 
by using Lyapunov function proved the stability of the 
overall system [12]. Also, control can use in voltage source 
converter. i.e. a linear quadratic gaussian with loop transfer 
recovery (LQG/LTR) controller is proposed for a rectifier 
voltage source converter [13]. 
Electrical energy has also a key role in robotics 
application [14, 15]. To meet the increasingly electrical 
demand, different approaches has been proposed, from 
developing several generation units and integrating 
renewables into the grid to active participations of the 
costumer sides in the power flow balancing [16, 17]. 
Recently, Permanent Magnet Assisted Synchronous 
Reluctance Motor (PMa-SynRM) has attracted attentions in 
transportation industry. This is due to good characteristics 
of interior permanent magnet synchronous motoes and that 
such motors lack any shortcomings. Good characteristic of 
IPM-SMs is their high efficiency performance, output 
power, and gain due to magnetic and reluctance torque [18]. 
Main disadvantages of IPM-SMs are high current of q axis 
at high speed operations in flux-weakening region [19] and 
uncontrolled generator operation as a result of which the 
inverter exits the circuit [5]. The above problems are due to 
uncontrolled linkage flux generated by magnets. These 
fluxes can be resolved by employing PMa-SynRM. In PMa-
SynRM structure, number and value of magnets and linkage 
flux of magnets are very low compared to IPM and 
dominant torque is the reluctance torque [20]. Compared to 
conventional reluctance synchronous motors, PMa-SynRM 
has better torque and power factor. Radiation on 
photovoltaic system is researched in [21, 22] and optimum 
tilt angle of photovoltaic systems is investigated. It is 
showed that experimental and theoretical tilt angles are 
different in that dust effects photovoltaic systems. Also, it 
is proved that produced energy by experimentally yearly 
optimum tilt angle is 3% more than theoretical tilt angle. 
In addition, it is said that photovoltaic panel’s surface 
temperature increase up to 5.5% in November and 8.5% in 
August in [23]. 
Up to now, few studies have been conducted on PMa-
SynRM vector control [24]. In this paper, motor equations 
are described in biaxial system and then a method is 
presented for vector control of the system using maximum 
torque per Ampere (MTPA) method. Then, this method is 
implemented on a Permanent Magnet Assisted 
Synchronous Reluctance Motor in Simulink. Simulation 
results show good performance of the designed control 
system in a wide range of speeds. 
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II. INTRODUCTION AND EXTRACTION OF PMA-
SYNRM EQUATIONS 
 
In Fig. 1, a 4-pole rotor of the PMa-SynRM with d-q axes 
is shown. In PMa-SynRM, magnets are located along q-axis 
(in IPM, magnets are located along d-axis). Thus, voltage 
and linkage flux equations of the stator are different from 
linkage flux and voltage equations of IPM which are 
described as follows: 
 
 
    Fig. 1.  A 4-pole motor rotor 
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Steady state equations of d-q axes in PMa-SynRM in the 
reference system of the rotor are as follows [5]: 
(3)          
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Ignoring leakage inductances, generated electromagnetic 
torque is obtained as follows: 
(4)                      dsmqsdsqsdse iiiLLPT O 2
3 
Where P shows number of poles. In inverter fed drives it 
is necessary to have a flexible output voltage [25, 26]. There 
are two limitations on output voltage and current of 
inverter-fed drives. Suppose that maximum amplitude of 
phase voltage and maximum amplitude of line current are 
VSM and ISM, respectively. Thus, operation region is limited 
using Equations (4) and (5): 
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In order to provide load torque, line current amplitude or 
22
qsds ii  is minimized so that torque is maximized. Using 
limitations of current in Eq. (5) and assuming that Lds and 
Lqs are constant, currents of d and q axes of the stator should 
satisfy Eq. (7). 
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Maximum current amplitude of line ISM is considered as 
follows: 
(8)                   222 SMrqsrds Iii   
From Eq. (7) and (8), maximum accessible torque is 
obtained as follows: 
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Angular velocity, rMZ , can be obtained by substituting 
(3), (10) and (11) in (6):  
(01) 
 
 > @ 22
2
SMmqsMqsrMdsMs
dsMdsrMqsMs
VILIr
ILIr
 

OZ
Z
 
Generated electromagnetic torque can be defined based 
on current angle as in Eq. (13): 
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In which, Is the amplitude of current and equals to  
22
qsdss iiI  .  dsqs ii1tan  E  is Phase Current 
Angle. To provide MTPA for a given value, it has shown 
that [22, 23]: 
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To convert from a 3-axis machine to a two-axis, or vice 
versa, the following relationships are used: 
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III. IMPLEMENTATION OF PMA-SYNRM 
VECTOR CONTROL DRIVE WITH MTPA 
 
In order to implement vector control drive of PMa-
SynRM, first the motor should be implemented to ensure its 
performance. In order to implement the motor, two 
equations (1) and (2) are considered with the following 
equation:  
(09)                rrLe Bdt
d
P
J
TT ZZ ¸
¹
·
¨
©
§  
Motor parameters are given in Table (1):  
 
Table 1. Motor parameters 
q axis inductance 3-= 8e qsL 
d axis inductance 3-= 9e dsL 
Stator Resistance = 2.875 sr 
PM Field (Wb) = 0.175 mλ 
Number of pole pairs P = 2 
 Combined inertia of rotor 
and load J = 0.8e-3 
Combined viscous friction of 
rotor and load B = 0 
 
In Fig. 2, the block diagram of the implemented motor in 
Matlab software is shown. 
 
Fig. 2. Block diagram of the implemented motor in Matlab 
 
From (10) and (11), for the implementation of MTPA: 
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Also, fig. 3 shows the simulation of MTPA. 
 
 
     Fig. 3. Implementation of MTPA 
 
IV. CONTROL UNIT 
 
In order to control the motor, direct current method is 
used. This method is based on employing two controllers; 
speed controller and controllers of current on d and q axes. 
Total diagram of the system is shown in Fig. 4. 
 
 
Fig. 4. Total diagram of the system 
  
A PI controller is used to compensate speed error. Output 
of the speed compensator generated id* command. That is, 
speed drop is made possible through applying higher torque 
with higher id*. in the next stage, current controller is 
located. Voltage-current equations of the motor are 
nonlinear. Product of ids, iqs and Zr in equations (1) and (2) 
show this issue. There is a point which reduces this 
complexity; dynamic of motor currents are faster than its 
speed dynamic [28-36]. Thus, in design of the current 
controller, speed can be considered constant in equations 
(1) and (2). In the next step, an isolation value should be 
designed for ids, iqs. This circuit is constructed such that 
current can be controlled using two linear controllers [37-
45]. Due to presence of nonlinear terms Vd0 and Vq0, a 
semi-linear control is implemented. Internal diagram of the 
current controller block is shown in Fig. 5. Estimating 
parameters of the controllers is performed using the method 
given in [24]. 
 
Copyright © 2018 IJEIR, All right reserved 
101 
International Journal of Engineering Innovation & Research  
Volume 7, Issue 2, ISSN: 2277 – 5668 
        
Fig. 5. Internal diagram of the current controller block 
 
As mentioned, parameters of the controllers are estimated 
using the method given in [21]. This method is comprised 
of a first order linear system which build motor windings of 
this system. Compensator and this system comprise a loop. 
Diagram of this loop is shown in Fig. 6. 
 
 
 Fig. 6. Estimation of flow controller parameters 
 
Step response of this system is studied. Open loop 
transfer function has two poles and one zero.  
By adjusting ratio of 
𝐾1
𝑘𝑃
, location of zero of the controller 
is determined. This ratio is selected as 480. Then, speed of 
the system reaches an acceptable value recommended in 
[24, 25] by selecting a proper gain for the compensator. 
Finally, KI = 100000 and KP = 210 are selected. In the next 
step, the current compensator is located in the main system. 
Speed compensator should be designed. Parameters of this 
controller are selected through trial and error. 
 
V. SIMULATION RESULT 
 
Response of the simulated system is shown in Fig. 7. 
 
Fig. 7. Internal diagram of the current controller block 
For comparison, command waveform is shown in both 
speed and torque curves. In order to investigate 
performance above and under nominal speed of the drive, 
speed command is created as shown. In addition, in order to 
investigate performance of zero-speed drive, speed 
command is reduced to zero from a value above nominal 
speed.   
Fig. 7 shows that performance of the drive is very good. 
Speed and torque track each change in the corresponding 
command quickly. This result is obtained due to good 
design and adjustment of the drive control. The designed 
drive is able to operate above and under nominal speed. In 
addition, as shown in the simulated waveform, it is also able 
to operate about zero speed.   
Current and voltage waveforms of d and q axes are given 
in fig. 8 and fig. 9; real voltage and current of the motor are 
also given in fig. 10 and fig. 11. 
 
Fig. 8. The axis voltage d and q 
 
 
Figure 9: The axis current d and q 
 
 
Fig. 10. The shape of the motor voltages 
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Fig. 11. The shape of the motor currents 
 
VI. CONCLUSION 
 
In this paper, a method is proposed for vector control of 
Permanent Magnet Assisted Synchronous Reluctance 
Motor. First, motor equations in biaxial system are given. 
Then, MTPA method is described. Then, MTPA method is 
used for vector control. Suitable current controller 
parameters are selected. Simulation results indicate well 
performance of the drive. Speed and torque track each 
change in the corresponding command quickly. This result 
is obtained due to well design and adjustment of the drive 
control system. In addition, the designed drive is able to 
operate above and under nominal speed and around zero 
speed. Thus, it is suitable for use in transportation systems. 
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